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Abstract 

Background: Clinical observations suggested that a non negligible proportion of patients, ranging from 40% to 
70%, does not seem to benefit from the use of anti-EGFR targeted antibodies even in the absence of a mutation of 
the K- RAS gene. The EGFR pathway activation via the Ras-Raf-MAP-kinase and the protein-serine/threonine kinase 
AKT could determine resistance to anti-EGFR treatment. 

Methods: We tested the interaction between phosphorylated AKT and MAPK expression in colorectal tumours and 
corresponding metastases and global outcome in K-RAS wild type patients receiving irinotecan-cetuximab. 
Results: Seventy-two patients with histologically proven metastatic colorectal cancer, treated with Irinotecan and 
Cetuximab based chemotherapy, were eligible for our analysis. 

In metastases pAKT correlated with RR (9% vs. 58%, p = 0.004), PFS (2.3 months vs.9.2 months p< 0.0001) and OS 
(6.1 months vs.26.7 months p< 0.0001) and pMAPK correlated with RR (10% vs., 47%, p = 0.002), PFS (2.3 months 
vs.8.6 months p< 0.0001) and OS (7.8 months vs.26 months p = 0.0004). At multivariate analysis pAKT and pMAPK in 
metastases were able to independently predict PFS. pAKT in metastases independently correlated with RR as well 

Discussion: pAKT and pMAPK expression in metastases may modulate the activity of EGFR-targeted antibodies. We 
could speculate that in patients with pAKT and pMAPK metastases expression targeting these factors may be 
crucial. 
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Background In fact although we are now able to exclude from anti- 
Monoclonal antibodies against the ligand-binding site of EGFR treatment patients with putative refractory colo- 
the epidermal growth factor receptor (EGFR) have been rectal tumours (i.e. those harboring a K-RAS mutant sta- 
shown to improve global outcome of metastatic colorec- tus), we are still unable to select responding patients 
tal cancer patients [1-5]. The introduction of K-RAS among those without K-RAS mutations. Clinical obser- 
mutational status for patients selection in this setting vations suggested that a non negligible proportion of 
appeared to possess the necessary potential for a full patients, ranging from 40% to 70%, does not seem to 
translation into clinical practice of the concept of tar- benefit from the use of anti-EGFR targeted antibodies 
geted therapy [5-7]. even in the absence of a mutation of the K- RAS gene (i.e. 

K-RAS wild-type) [2,4-7]. 

♦Correspondence: marioscartozziiagmail.com Preclinical observations demonstrated that binding of 

'Clinica di Oncologia Medica, AO Ospedali Riuniti-Universita Politecnica delle specific ligands, such as the epidermal growth factor 

Marche, Marche Via Conca, Ancona, 60020, Italy 
Full list of author information is available at the end of the article 



(EGF) and transforming growth factor a (TGF-a) to the 



o 



© 2012 Scartozzi et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative 
BlOlVICCl Central Commons Attribution License (httpy/creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited. 



Scartozzi et at. Journal of Translational Medicine 2012, 10:71 
http://www.translational-medicine.eom/content/10/1/71 



Page 2 of 10 



EGFR, results in the dimerisation of the receptor with 
the subsequent initiation of the intracellular signalling 
pathways cascade. A major downstream signalling route 
is via the Ras-Raf-MAP-kinase. Activation of Ras initi- 
ates a multistep phosphorylation cascade that leads to 
the activation of MAPKs, ERK1, and ERK2, which ulti- 
mately regulate transcription of molecules involved in 
cell proliferation [8,9]. Another important target in 
EGFR signalling is phosphatidylinositol 3-kinase (P13K) 
and the downstream protein-serine/threonine kinase 
AKT. This latter protein kinase transduces molecular 
signals triggering crucial steps for cell growth and 
survival [8-10]. 

It has been also hypothesized that the activation of the 
downstream signalling pathway (AKT and MAPK) could 
be responsible for EGFR aberrant activity even in the 
absence of a detectable EGFR expression [11-14]. In this 
case targeting the receptor via monoclonal antibodies 
would probably be clinically irrelevant. In fact in non 
small cell lung cancer patients it has been suggested that 
TKIs responsiveness might be predicted by EGFR down- 
stream proteins such as activated (phosphorylated) AKT 
[15,16]. However, data regarding the in vivo EGFR- 
driven molecular profile in colorectal cancer are conflict- 
ing and consequently at the present no speculations are 
possible about its role in determining resistance and/or 
sensitivity to EGFR-targeted drugs. 

In a series of 28 metastatic colorectal patients treated 
with gefitinib monotherapy, biologic evaluation of total 
and activated EGR, activated AKT, MAP-kinase and Ki 
67 on paired pre- and 1 week post- treatment tumour 
samples could not confirm a gefitinib-induced decreased 
expression of these molecular markers [17]. 

Moreover no significant correlation has been found 
between pAKT expression and clinical outcome in meta- 
static colorectal cancer patients treated with cetuximab 
[18]. However patients were not stratified for K-RAS 
status and therefore firm conclusions were not possible. 

A further potential confounding factor in this setting 
is the evidence that AKT and MAPK expression in pri- 
mary colorectal tumours may not correlate with the ex- 
pression in corresponding metastases [19]. 

We tested the interaction between phosphorylated 
AKT and MAPK in primary colorectal tumours and 
corresponding metastases and clinical outcome in terms 
of response rate (RR), progression free survival (PFS) 
and overall survival (OS) in order to identify a group of 
K-RAS wild type patients more likely to benefit from 
EGFR-targeted treatment. 

Methods 

Patients selection 

Patients with histologically proven metastatic colorectal 
cancer, treated with Irinotecan and Cetuximab based 



chemotherapy at three different Italian institutions (An- 
cona, Fermo, Fabriano) between January 2007 and January 
2011 were eligible for our analysis. Tumour response was 
evaluated every 8 weeks by clinicians' assessment and 
according to the Response Evaluation Criteria in Solid 
Tumours (RECIST). 

This study was approved by Ethical committee AOU 
Ospedali Riuniti - Umberto I of our institution. All 
patients provided informed written consent. 

Analysis on the corresponding metastatic site was per- 
formed only in case tumour tissue from surgical resec- 
tion of metastases was available. 

K-RAS mutational analysis 

Formalin-fixed and paraffin-included tumour samples 
were analyzed for KRAS exon 2 mutations, located within 
the codon 12 and 13. After the purification using QIA- 
quick R PCR Purification kit, the PCR products were direct 
sequenced with Big Dye VI. 1 Terminator Kit (Applied 
Biosystems, Foster City, CA, USA) and an ABI Prism 3100 
DNA sequencer (Applied Biosystems). 

Immunohistochemical analysis 

The expression of phospho-AKT (Ser437) and p44/42 
MAP kinase, {CELL SIGNALING TECHNOLOGY) was 
evaluated with an immunohistochemistry technique on 5- 
um-thick tissue section obtained from paraffin-embedded 
specimens fixed in 10% (v/v) neutral buffered formalin. 

The sections were deparaffinised and hydrated by 
passing through xylene and a graded series of ethanol, 
followed by washing in distilled water. 

The antigens were unmasked for phospho-AKT 
(Ser437) by heat treatment at 98°C 10 min, in EDTA buffer 
and for p44/42 MAP kinase by microwave treatment at 
98°C 10 minutes, in a 10 mM citrate buffer, pH 6.0. After 
antigens retrieval tissues were blocked with 5% normal 
goat serum for 60 min. 

Subsequently the sections were incubated either with 
Phospho-AKT (Ser437) antibody (1:50 dilution) or MAP 
kinase antibody (1:100 dilution) overnight at 4°C. 

Consecutively immunostaining was performed by the 
avidin-biotin peroxidase complex technique (DAKO EN- 
VISION SYSTEM) for 30 min. according to the manufac- 
turer's instructions and using 3', 3' diaminobenzidine 
(DAB, DAKO CYTOMATION) as a chromogen. 

Subsequently, the slides were counterstained with 
Meyer's haematoxylin for 1 min., dehydrated in a graded 
series of alcohol, treated with xylene and cover slipped. 

Positive control of Phospho-AKT (Ser437) and p44/42 
MAP kinase staining consisted was performed on paraf- 
fin-embedded human breast cancer in all runs. (Data 
Sheet of Phospho-AKT (Ser437) and p44/42 MAP kinase 
antibodies CELL-SIGNALING TECHNOLOGY). 
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Negative control for the validation of the Phospho- 
AKT (Ser437), p44/42 MAP kinase assay consisted on 
sections incubated with secondary alone without pri- 
mary antibody in all runs. (Data Sheet of Phospho-AKT 
(Ser437) and p44/42 MAP kinase antibodies CELL-SIG- 
NALING TECHNOLOGY). 

All slides were evaluated independently by two pathol- 
ogists (LB. and A.M.). 

Phospho-AKT expression was detected as cytoplasmic 
and nuclear staining of neoplastic cells with various in- 
tensity. The intensity of Phospho-AKT (Ser473) reactiv- 
ity was scored using a four-tier system: 0, no staining, 1 
weak, 2 moderate 3 strong. 

Positivity for expression Phospho-AKT (Ser473) was 
defined as citoplasmatic staining with score 2 and/or 3, 



negativity with score 0 and/or 1. Both the primary and 
metastatic neoplasm were considered positive when more 
than 1% of the tumour cells had score 2 and/or 3 [20]. 

p44/42 MAP kinase expression was detected as cyto- 
plasmic and nuclear brown staining of neoplastic cells. 
The intensity of p44/42 MAP kinase reactivity was 
scored using a four-tier system as follows: 0: no staining, 
l:weak, 2: moderate, 3:strong signal intensity The pro- 
portion of neoplastic cells showing a positive signal was 
scored by assessing on a scale of 0 to 1: 0 none; 0,1 less 
than one tenth; 0,5 less than one half, and 1,0 greater 
than one half. The intensity and proportion scores were 
then multiplied to give an H-score; tumours with a 
score equal to or higher than 1,0 were deemed positive 
[21,22]. 



Table 1 Patients characteristics and main study results for AKT and MAPK immunohistochemistry in primary colorectal 
tumours 





Whole Group 
(n = 72) 


AKT positive 
(n = 31) 


AKT negative 
(n = 41) 


p value 


MAPK positive 
(n = 32) 


MAPK Negative 
(n = 40) 


p value 


Age (range) 


65 (36-80) 


67 (41-80) 


65 (36-78) 


ns 


65 (38-80) 


66 (40-79) 


ns 


Sex 
















Males 


51 (70%) 


20 (65%) 


31 (65%) 


ns 


23 (72%) 


28 (70) 


ns 


Females 


21 (30%) 


11 (35%) 


10 (35%) 


ns 


9 (28%) 


1 2 (30%) 


ns 


ECOG PS 
















0-1 


58 (81%) 


27 (87%) 


31 (76%) 


ns 


29 (90%) 


29 (72%) 


ns 


2-3 


14 (19%) 


4 (13%) 


10 (23%) 


ns 


3 (10%) 


11 (28%) 


ns 


Metastatic sites 
















1 


21 (30%) 


8 (26%) 


1 3 (32%) 


ns 


10 (32%) 


11 (27%) 


ns 


> 2 


51 (70%) 


23 (74%) 


28 (68%) 


ns 


22 (68%) 


29 (73%) 


ns 


Previous lines of treatment 
















1 


10 (14%) 


4 (1 3%) 


6 (15%) 


ns 


3 (9%) 


7 (17%) 


ns 


> 2 


62 (86%) 


27 (87%) 


35 (85%) 


ns 


29 (91%) 


33 (83%) 


ns 


Treatment 
















mFOLFIRI + Cetuximab 


28 (39%) 


1 0 (32%) 


1 8 (44%) 


ns 


1 2 (37%) 


16 (40%) 


ns 


rinotecan + Cetuximab 


44 (61%) 


21 (68%) 


23 (56%) 


ns 


20 (63%) 


24 (60%) 


ns 


Response Rate 
















PR 


21 (29%) 


5 (1 6%) 


16 (39%) 


ns 


9 (28%) 


1 2 (30%) 


ns 


SD 


1 9 (26%) 


8 (26%) 


11 (27%) 


ns 


7 (22%) 


9 (22%) 


ns 


PD 


32 (45%) 


1 8 (58%) 


14 (34%) 


ns 


1 6 (50%) 


1 9 (48%) 


ns 


Survival 
















m PFS (months) 


3.2 


2.4 


6.5 


0.0006 


3 


6 


ns 


m OS (months) 


17.7 


7.8 


26.7 


<0.0001 


11.2 


26.2 


ns 



ns = not significant 

ECOG PS = Eastern cooperative oncology croup performance score 

mFOLFIRI = modified FOLFIRI (irinotecan 180 mg/sqm d1, 5FU bolus 400 mg/sqm dl, 5FU 2400 mg/sqm continuous infusion for 46 hrs; 

PR = partial remission; 

SD = stable disease; 

PD = progressive disease; 

m PFS = median progression-free survival; 

m OS = media overall survival. 
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Statistical analysis 

Statistical analysis was performed with the MedCalc 
package (MedCalc® v9.4.2.0). 

The association between categorical variables, such as 
phosphorylated AKT and phosphorylated MAPK and clin- 
ical outcome parameters was estimated by chi-square test. 

Survival distribution was estimated by the Kaplan- 
Meier method. Significant differences in probability of 
relapsing between the strata were evaluated by log-rank 
test. A significant level of 0.05 was chosen to assess the 
statistical significance. 

For statistical analysis overall survival and progression- 
free survival were defined respectively as the interval 
between the start of cetuximab and irinotecan therapy to 
death or last follow-up visit and as the interval between the 
start of cetuximab and irinotecan therapy to clinical pro- 
gression or death or last follow up visit if not progressed. 



Cox multiple regression analysis was used to assess 
the role of clinical prognostic factors adjusted for those 
variables resulted significant at univariate analysis. Odds 
ratios for response were evaluated from multivariate 
logistic regression for those variables resulted significant 
at univariate analysis. 

Tested variables included: age (<65 vs. > 65 years), 
gender (female versus male), performance status (East- 
ern Cooperative Oncology Group performance score, 0- 
1 vs. > 2) and number of metastatic sites (1 vs. > 2), 
phosphorylated AKT and MAPK status in primary 
tumours and metastases. 

Results 

Seventy- two patients were included in our study, 51 
males (70%) and 21 females (30%). Median age at diag- 
nosis was 65 years (range 36-80). Most of the patients 



Table 2 Patients characteristics and main study results for AKT and MAPK immunohistochemistry in metastases 





Mets Group 
(n = 37) 


AKT positive 
(n = 23) 


AKT negative 
(n = 14) 


p value 


MAPK positive 
(n = 20) 


MAPK Negative 
(n = 17) 


p value 


Age (range) 


66 (36-80) 


67 (36-79) 


65 (38-80) 


ns 


65 (40-80) 


66 (40-79) 


ns 


Sex 
















Males 


27 (73%) 


1 5 (65%) 


1 2 (85%) 


ns 


1 3 (60%) 


14 (82) 


ns 


Females 


10 (27%) 


8 (35%) 


2 (15%) 


ns 


7 (40%) 


3 (18%) 


ns 


ECOG PS 
















0-1 


28 (76%) 


1 7 (74%) 


11 (78%) 


ns 


16 (80%) 


1 2 (70%) 


ns 


2-3 


9 (24%) 


6 (26%) 


3 (22%) 


ns 


4 (20%) 


5 (30%) 


ns 


Metastatic sites 
















1 


1 0 (27%) 


6 (26%) 


4 (28%) 


ns 


5 (25%) 


5 (29%) 


ns 


> 2 


27 (73%) 


1 7 (74%) 


1 0 (72%) 


ns 


1 5 (75%) 


12 (71%) 


ns 


Previous linesof treatment 
















1 


9 (24%) 


5 (22%) 


4 (28%) 


ns 


5 (25%) 


4 (23%) 


ns 


> 2 


28 (76%) 


1 8 (78%) 


1 0 (72%) 


ns 


1 5 (75%) 


13 (77%) 


ns 


Treatment 
















mFOLFIRI + Cetuximab 


1 2 (32%) 


6 (26%) 


6 (43%) 


ns 


7 (35%) 


5 (30%) 


ns 


rinotecan + Cetuximab 


25 (68%) 


1 7 (74%) 


8 (57%) 


ns 


1 3 (65%) 


1 2 (70%) 


ns 


Response Rate 
















PR 


10 (27%) 


2 (9%) 


8 (58%) 


0.004 


2 (10%) 


8 (47%) 


0.002 


SD 


9 (25%) 


6 (26%) 


3 (21%) 


ns 


5 (25%) 


4 (23%) 


ns 


PD 


18 (48%) 


1 5 (65%) 


3 (21%) 


0.001 


1 3 (65%) 


5 (30%) 


0.006 


Survival 
















m PFS (months) 


3.2 


2.3 


9.2 


<0.0001 


2.3 


8.6 


<0.0001 


m OS (months) 


12.6 


6.1 


26.7 


<0.0001 


7.8 


26 


0.0004 



ns = not significant 

ECOG PS = Eastern cooperative oncology croup performance score 

mFOLFIRI = modified FOLFIRI (irinotecan 180 mg/sqm d1, 5FU bolus 400 mg/sqm dl, 5FU 2400 mg/sqm continuous infusion for 46 hrs; 

PR = partial remission; 

SD = stable disease; 

PD = progressive disease; 

m PFS = median progression-free survival; 

m OS = median overall survival. 
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(61%) were treated with the irinotecan-cetuximab com- 
bination and had more than 1 metastatic sites. Main 
clinical characteristics are summarised in Table 1. In 37 
cases the corresponding metastatic sites (all liver me- 
tastases) were available for AKT and MAPK analysis 
(Table 2). 

AKT and MAPK results in primary colorectal tumours 

AKT was positive in 31 primary colorectal tumours 
(43%) and negative in the remaining 41 patients (57%). 
MAPK was positive in 32 primary colorectal tumours 
(44%) and negative in 40 cases (56%). Clinical character- 
istics resulted well balanced across groups (Table 1). 



AKT expression in primary tumours correlated with a 
statistically significant worse median PFS (2.4 months vs. 
6.5 months, p = 0.0006) (Figure 1) and OS (7.8 months 
vs. 26.7 months, p < 0.0001) (Figure 2), without any sig- 
nificant correlation with RR. No significant correlation 
could be found between MAPK expression in primary 
tumours and either RR, median PFS or OS (Table 1) 
(Figures 3 and 4). 



AKT and MAPK results in corresponding metastases 

Analysis on the corresponding metastatic site was per- 
formed in tumour tissue from surgical resection of 




Figure 1 Kaplan-Meier curves for median progression free survival (PFS) of colorectal cancer patients treated with irinotecan and 

cetuximab showing phosphorylated AKT expression ( ) and without phosphorylated AKT expression ( ) in either 

primary tumours (A, 2.4 months vs. 6.5 months, p = 0.0006) or metastases (B, 2.3 months vs. 9.2 months, p = < 0.0001). 
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Figure 2 Kaplan-Meier curves for median overall survival (OS) of colorectal cancer patients treated with irinotecan and cetuximab 

showing phosphorylated AKT expression ( ) and without phosphorylated AKT expression ( ) in either primary tumours 

(A, 7.8 months vs. 26.7 months, p < 0.0001) or metastases (B, 6.1 months vs. 26.7 months, p < 0.0001). 



metastases. All resections were performed at the time of 
diagnosis. 

AKT was positive in 23 out of the 37 metastases avail- 
able for analysis (62%) and negative in the remaining 14 
(38%) (Table 2). AKT status in primary colorectal tumours 
was not concordant with AKT expression in metastases 
in 10 cases (27%). MAPK was positive in 20 metastases 
(54%) and negative in 17 cases (46%). MAPK status in 
primary colorectal tumours was not concordant with 
MAPK expression in metastases in 11 cases (29%). 

AKT expression correlated with RR (9% vs., 58%, 
p = 0.004), median PFS (2.3 months vs.9.2 months p < 0.0001) 



(Figure 1) and median OS (6.1 months vs. 26.7 months 
p < 0.0001) (Figure 2). Analogously MAPK expression in 
metastases correlated with RR (10% vs., 47%, p = 0.002), me- 
dian PFS (2.3 months vs.8.6 months p < 0.0001) (Figure 3) 
and median OS (7.8 months vs.26 months p = 0.0004) 
(Table 2) (Figure 4). 

Multivariate analysis 

Tested variables were: AKT expression in primary 
tumours, AKT expression in metastases and MAPK ex- 
pression in metastases. 
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Figure 3 Kaplan-Meier curves for median progression free survival (PFS) of colorectal cancer patients treated with irinotecan and 

cetuximab showing phosphorylated MAPK expression ( ) and without phosphorylated MAPK expression ( ) in either 

primary tumours (A, 3 months vs. 6 months, p = 0.6) or metastases (B, 2.3 months vs. 8.6 months, p = < 0.0001). 



Multivariate logistic regression analysis for response 
showed that AKT expression in metastases indepen- 
dently correlated with response rate (OR = 0.13, 95%CI 
0.018-0.9, p = 0.04), whereas neither AKT in primary 
tumours nor MAPK in metastases were independently 
associated with response. 

Multivariate Cox regression analysis indicated that 
AKT expression in metastases and MAPK expression in 
metastases both correlated with median progression free 
survival (HR = 0.63, 95%CI 0.42-0.86, p = 0.0007 and 
HR = 0.49, 95%CI 0.28-0.95, p = 0.002 respectively). AKT 
expression in primary tumours did not independently 



correlate with PFS. None of the tested variables indepen- 
dently correlated with median overall survival (Table 3). 

Discussion 

The introduction of K-RAS testing for colorectal cancer 
patients offered the long-awaited clinical opportunity to 
exclude resistant tumours from the treatment with anti- 
EGFR antibodies. However a not negligible proportion 
of colorectal tumours, ranging from 40 to 70% in differ- 
ent series, is still refractory to this therapeutic approach 
even in presence of a K-RAS wild type status [2-5]. 
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Figure 4 Kaplan-Meier curves for median overall survival (OS) of colorectal cancer patients treated with irinotecan and cetuximab 

showing phosphorylated MAPK expression ( ) and without phosphorylated MAPK expression ( ) in either primary 

tumours (A, 11.2 months vs. 26.2 months, p = 0.1) or metastases (B, 7.8 months vs. 26 months, p = 0.0004). 



Table 3 Multivariate analysis results for response rate (RR) and progression-free survival (PFS) 

Metastases 



AKT Positive 



AKT Negative 



MAPK Positive 



MAPK Negative 



Response Rate (%) 
Multivariate OR (95%CI) 
Logistic regression p value 
Median PFS (months) 
Multivariate HR (95%CI) 
Cox regression p value 



2.3 



0.13 (0.018-0.9) 
0.04 

0.63 (0.42-0.86) 
0.0007 



9.2 



10% 



2.3 



47% 



0.26 (0.03-1.95) 
0.9 

0.49 (0-28-0-95) 
0.002 
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Unfortunately to date it is not possible to further 
characterize, either biologically or clinically, this particu- 
lar group of patients, who, in the end, receive an inef- 
fective therapy at a cost of unwanted side-effects. 

Many biological factors have been investigated with 
the aim to better identify responding patients in this 
setting, however initial observations were often con- 
flicting and limited to a small proportion of patients 
thus precluding their effective use into the clinical 
practice [23-28]. The example of b-RAF is clearly em- 
blematic. In fact preliminary data about the role of b- 
RAF mutational status seemed initially promising for a 
straightforward application in the clinical practice, but 
a large subsequent analysis from the CRYSTAL trial 
demonstrated that b-RAF although possessing a pos- 
sible prognostic role had no predictive value [29,30]. 

In our analysis we suggested that activated AKT and 
MAPK expression in liver metastases could represent 
possible molecular determinants for the prediction of 
clinical outcome in K-RAS wild type colorectal cancer 
patients receiving irinotecan-cetuximab. These observa- 
tions are in accordance with the biological assumption 
that the activation of the downstream signalling pathway 
(pAKT and pMAPK) could be responsible for EGFR 
aberrant activity independently from the receptor itself 
ultimately making treatment strategies targeting the 
EGFR ineffective. A prior study in colorectal cancer 
patients could not confirm any correlation between 
pAKT expression in primary tumours or metastases and 
either response or survival [18]. However in this analysis 
the role of phosphorylated AKT was assessed irrespec- 
tively of K-RAS status and this may represent a possible 
confounding factor for data interpretation. An analysis 
presented by Baba et al. showed that pAKT expression 
was correlated to good prognosis in colorectal cancer 
patients. In this latter study the analysis was conducted 
on primary tumours and no information was available 
about the treatment administered to the patients. Taken 
together these and our observations seem then to sug- 
gest that more than a prognostic factor pAKT is a pre- 
dictive factor in presence of anti-EGFR inhibitors. 

A further relevant finding from our analysis is that 
only AKT and MAPK status in metastases is relevant 
for the prediction of patients outcome. The variation 
(or conservation) of the primary colorectal tumours mo- 
lecular profile in distant metastases is a current, but un- 
resolved issue in molecular and clinical oncology. 
Published analyses in colorectal cancer patients indi- 
cated that the mutational status of some molecular 
determinants such as K-RAS and BRAF is almost com- 
pletely unaltered from primary to corresponding metas- 
tases [31]. On the contrary other biological markers 
such as EGFR or PTEN, for example, demonstrated a 
significant variation [18,32]. 



A discordant pAKT and pMAPK expression in pri- 
mary colorectal tumours and metastases has been previ- 
ously suggested. A shift in pAKT and pMAPK 
expression from primary to metastases has been in fact 
reported in as much as 30% of all cases [18,19]. In the 
present study a non concordant status between primary 
tumours and metastases for AKT and MAPK was 
noticed respectively in 27% and 29% of examined cases 
thus confirming previous reports. More importantly our 
data demonstrated that this different expression pattern 
had a biological effect in modulating the activity of 
EGFR targeted antibodies, thus reinforcing the hypoth- 
esis that when treating metastatic disease with molecu- 
larly targeted agents attention should be paid to the 
biological markers expression profile in metastases. 

Conclusions 

We could speculate that in colorectal tumours with pAKT 
and pMAPK expression a therapeutic strategy targeting 
these molecular factors may be more appropriate than anti- 
EGFR therapies. However these assumptions should be 
demonstrated before a possible application into the clinic. 

We believe that our findings along with others already 
reported by other groups may help further composing the 
molecular mosaic of K-RAS wild type colorectal cancer 
patients especially in view of a prospective validation. 

Competing interests 

The authors declare that they have no competing interests. 
Acknowledgement 

This analysis was sponsored by the Italian Association for Cancer Research (AIRC). 
The Sponsor had no role in data analysis and interpretation. 

Author details 

1 CI inica di Oncologia Medica, AO Ospedali Riuniti-Universita Politecnica delle 
Marche, Marche Via Conca, Ancona, 60020, Italy. 2 5cuola di Specializzazione 
in Oncologia, Universita Politecnica delle Marche, Ancona, Italy. 3 Anatomia 
Patologica, Universita Politecnica delle Marche, Ancona, Italy. 4 Oncologia 
Medica, Ospedale di Fermo, Fermo, Italy. 

Authors' contribution 

MS conceived the study, participated in its design and coordination and 
helped to draft the manuscript. RG participated in the design of the study 
and performed the statistical analysis. EM participated in patients' data 
collection and analysis. AM performed the Immunoistochemistry analysis. SB 
helped in the process of samples' collection and preparation for further 
analysis. SA helped in the. process of samples' collection and preparation for 
further analysis. LG participated in patients' data collection. GL helped in data 
analysis and interpretation. LF helped in data analysis and interpretation. AB 
participated in patients' data collection and analysis. MB participated in 
patients' data collection and analysis. IB performed the Immunoistochemistry 
analysis. SC conceived the study, participated in its design and coordination 
and helped to draft the manuscript. All Authors read and approved the final 
manuscript. 

Received: 9 February 2012 Accepted: 10 April 2012 
Published: 10 April 2012 

References 

1. Goldberg RM, Rothenberg ML, Van Cutsem E, et al: The Continuum of care: 
a Paradigm for management of metastatic colorectal cancer. Oncologist 
2007, 12:38-50. 



Scartozzi et al. Journal of Translational Medicine 2012, 10:71 
http://www.translational-medicine.eom/content/10/1/71 



Page 10 of 10 



2. Jonker DJ, O'Callaghan CJ, Karapetis CS, et al: Cetuximab for the treatment 
of colorectal cancer. J Clin Oncol 2007, 357:2040-2047. 

3. Cunningham D, Humblet Y, Siena S, et oh Cetuximab monotherapy and 
cetuximab plus irinotecan in irinotecan-refractory metastatic colorectal 
cancer. N Engl J Med 2004, 351 :337-345. 

4. Van Cutsem E, Peeters M, Siena S, et al: Open-label phase III trial of 
panitumumab plus best supportive care compared with best supportive 
care alone in patients with chemotherapy-refractory metastatic 
colorectal cancer. J Clin Oncol 2007, 25:1658-1664. 

5. Van Cutsem E, Kohne CH, Hitre E, et al: Cetuximab and chemotherapy as 
initial treatment for metastatic colorectal cancer. N Engl J Med 2009, 
360:1408-1417. 

6. Lievre A, Bachet JB, Boige V, et al: Kras Mutation as an indipendent 
prognostic factor in patients with advanced colorectal cancer treated 
with cetuximab. J Clin Oncol 2008, 28:374-379. 

7. Di Fiore F, Blanchard F, Charbonnier F, et al: Clinical relevance of KRAS 
mutation detection in metastatic colorectal cancer treated by Cetuximab 
plus chemotherapy. Br J Cancer 2007, 96:1166-1 169. 

8. (vlendelsohon J, Baselga J: Status of epidermal growth factor receptor 
antagonists in the biology and treatment of cancer. J Clin Oncol 2003, 
21:2787-2799. 

9. Baselga J, Arteaga CL: Critical update and emerging trends in epidermal 
growth factor receptor targeting in cancer. J Clin Oncol 2005, 23:2445- 
2459. 

10. Carpenter G, Cohen S: Epidermal growth factor. J Biol Chem 1990, 
265:7709-7712. 

11. Saltz LB, Meropol NJ, Loehrer PJ Sr, Needle (V1N, Kopit J, Mayer RJ: Phase II 
trial of cetuximab in patients with refractory colorectal cancer that 
expresses the epidermal growth factor receptor. J Clin Oncol 2004, 
22:1201-1208. 

1 2. Ellis LM, Hoff PM: Targeting the epidermal growth factor receptor: an 
important incremental step in the battle against colorectal cancer. J Clin 
Oncol 2004,22:1177-1179. 

1 3. Cunningham D, Humblet Y, Siena S, Khayat D, Bleiberg H, Santoro A, et al: 
Cetuximab monotherapy and cetuximab plus irinotecan in irinotecan- 
refractory metastatic colorectal cancer. N Engl J Med 2004, 351:337-345. 

14. Jl F, Formento P, Milano G: Epidermal growth factor receptor double 
targeting by a tyrosine kinase inhibitor (Iressa) and a monoclonal 
antibody (Cetuximab). Impact on cell growth and molecular factors. Br J 
Cancer 2005, 92:1063-1068. 

1 5. Han SW, Hwang PG, Chung DH, Kim DW, Im SA, Kim YT, et al: Epidermal 
growth factor receptor (EGFR) downstream molecules as response 
predictive markers for gefitinib (Iressa, ZD1839) in chemotherapy 
resistant non small cell lung cancer. Int J Cancer 2005, 1 1 3:1 09-1 1 5. 

16. Cappuzzo F, Hirsch FR, Rossi E, Bartolini S, Ceresoli GL, Bemis L, et al: 
Epidermal growth factor receptor gene and protein and gefitinib 
sensitivity in non small cell lung cancer. J Natl Cancer Institute 2005, 
97:643-655. 

1 7. Rothemberg ML, Lafleur B, Levy DE, Washington MK, Morgan-Meadows SL, 
Ramanathan RK, et al: Randomized phase II trial of the clinical and 
biological effects of two dose levels of gefitinib in patients with 
recurrent colorectal adenocarcinoma. J Clin Oncol 2005, 23:9265-9274. 

18. Loupakis F, Pollina L, Stasi I, Ruzzo A, Scartozzi M, Santini D, et al: PTEN 
expression and KRAS mutations on primary tumours and metastases in 
the prediction of benefit from cetuximab plus irinotecan for patients 
with metastatic colorectal cancer. J Clin Oncol 2009, 27:2622-2629. 

1 9. Scartozzi M, Bearzi I, Berardi R, Mandolesi A, Pierantoni C, Cascinu S: 
Epidermal growth factor receptor (EGFR) downstream signalling 
pathway in primary colorectal tumours and related metastatic sites: 
optimising EGFR-targeted treatment options. Br J Cancer 2007, 97:92-97. 

20. Roy HK, Olusola BF, Clemens DL, Karolski WJ, Ratashak A, Lynch HT, 
Smyrk TC: AKT proto-oncogene overexpression is an early event 
during sporadic colon carcinogenesis. Carcinogenesis 2002, 23:201-205. 

21. Adeyinka A, Nui Y, Cherlet T, Cherlet T, Snell L, Watson PH, et al: Activated 
Mitogen-activated protein kinase expression during human breast 
tumorigenesis and breast cancer progression. Clin Cancer Res 2002, 
8:1747-1753. 

22. Al-haddad S, Zhang Z, Leygue E, Snell L, Huang A, Niu Y: Psoriasin 
(S100A7) expression and invasive breast cancer. Am J Pathol 1999, 
155:2057-2066. 



23. Lurje G, Nagashima F, Zhang W, et al: Polymorphisms in cyclooxygenase-2 
and epidermal growth factor receptor are associated with progression- 
free survival independent of K-ras in metastatic colorectal cancer 
patients treated with single-agent cetuximab. Clin Cancer Res 2008, 
14:7884-7895. 

24. Moroni M, Veronese S, Benvenuti S, et al: Gene copy number for 
epidermal growth factor receptor (EGFR) and clinical response to anti 
EGFR treatment in colorectal cancer: a cohort study. Lancet Oncol 2005, 
6:279-286. 

25. Perrone F, Lampis A, Orsenigo M, et al: PI3KCA/PTEN deregulation 
contributes to impaired responses to cetuximab in metastatic colorectal 
cancer patients. Ann Oncol 2009, 20:84-90. 

26. Scartozzi M, Mandolesi A, Giampieri R, et al: Insulin-like growth factor 1 
expression correlates with clinical outcome in K-RAS wild type colorectal 
cancer patients treated with cetuximab and irinotecan. Int J Cancer 2010, 
127:1941-1947. 

27. Scartozzi M, Mandolesi A, Giampieri R, Bittoni A, Pierantoni C, Zaniboni A, ef al: 
The Role of HER-3 expression in the prediction of clinical outcome for 
advanced colorectal cancer patients receiving irinotecan and cetuximab. 
Oncologist 2011, 16:53-60. 

28. Scartozzi M, Bearzi I, Mandolesi A, Giampieri R, Faloppi L, Galizia E, et al: 
Epidermal growth factor receptor (EGFR) gene promoter methylation 
and cetuximab treatment in colorectal cancer patients. Br J Cancer 201 1, 
104:1786-1790. 

29. Di Nicolantonio F, Martini M, Molinari F, et al: Wild-type BRAF is required 
for response to panitumumab or cetuximab in metastatic colorectal 
cancer. J Clin Oncol 2008, 26:5705-5712. 

30. Kbhne C, Stroiakovski D, Chang-Chien C, et al: Predictive biomarkers to 
improve treatment of metastatic colorectal cancer (mCRC): outcomes 
with cetuximab plus FOLFIRI in the CRYSTAL trial. J Clin Oncol 2009, 
27:15s. suppl; abstr 4068. 

31 . Italiano A, Hostein I, Soubeyran I, Fabas T, Benchimol D, Evrard S, et al: KRAS 
and BRAF mutational status in primary colorectal tumours and related 
metastatic sites: biological and clinical implications. Ann Surg Oncol 2010, 
17:1429-1434. 

32. Scartozzi M, Bearzi I, Berardi R, et al: Epidermal Growth Factor Receptor 
(EGFR) Status in Primary Colorectal Tumours Does Not Correlate With 
EGFR Expression in Related Metastatic Sites: Implications for Treatment 
With EGFR-Targeted Monoclonal Antibodies. J Clin Oncol 2004, 1:4772- 
4778. 



doi:1 0.1 1 86/1 479-5876-1 0-71 

Cite this article as: Scartozzi ef al: Phosphorylated AKT and MAPK 
expression in primary tumours and in corresponding metastases and 
clinical outcome in colorectal cancer patients receiving irinotecan- 
cetuximab. Journal of Translational Medicine 201 2 1 0:71 . 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www. biomedcentra I .com/su bmit 



o 



BioMed Central 



